The decay KL → invisible has never been experimentally tested. In the Standard Model (SM) its branching ratio is predicted to be Br(KL → νν) 10 −10 . We consider several natural extensions of the SM, such as two-Higgs-doublet (2HDM), 2HDM and light scalar, and mirror dark matter models, and show that taking into account the most stringent constraints from the K → π + invisible decay, this process could be in the region of Br(KL → invisible) ≃ 10 −8 − 10 −6 , which is experimentally accessible. In some scenarios the K decay constraints may be relaxed. The results obtained show that the KL → invisible decay is a clean probe of new physics scales well above 100 TeV, that is complementary to rare K → π + invisible decay, and provide a strong motivation for its sensitive search in a near future experiment.
PACS numbers: 14.80.-j, 12.60.-i, 13.20.Cz, 13.35.Hb In the Standard Model (SM) the branching ratios of the K + → π + + invisible and K L → π 0 + invisible decays are predicted to be [1] Br(K L → π 0 νν) = (2.6 ± 0.4) × 10
Br(K + → π + νν) = (8.5 ± 0.7) · 10
with the invisible final state represented by neutrino pairs. A strong comparison between experiment and theory is possible due to the accuracy of both the measurements and the SM calculations of these observables. A discrepancy would signal the presence of physics beyond the Standard Model (BSM) making the precision measurements of these decays an effective probe to search for it, see e.g. [1] [2] [3] [4] [5] [6] . The branching ratio of the K L → invisible decay in the SM is predicted to be very small compared to those of (1) and (2) for ν masses laying in the sub-eV region favored by observations of ν oscillations [7] . Indeed, the K L has zero spin, and it cannot decay into two massless neutrinos, as it contradicts to momentum and angular momentum conservation simultaneously. For the case of massive νs their spins in the K L rest frame must be opposite and, therefore, one of them is forced to have the "wrong" helicity. This results in the K L → νν decay rate being proportional to the ν mass squared
10
−17 assuming m ν 1 eV. However, if one take the direct experimental upper limit on the ν τ mass m ντ < 18.2 MeV [7] , the predicted branching ratio, calculated at the quantum loop level is [8] 
would unambiguously signal the presence of BSM physics.
The decay K L → invisible has never been experimentally tested. Since long ago it was recognized that this decay "would be interesting to explore, but its detection looks essentially impossible. New ingenious experimental ideas are required" [8] . Recently, an approach for performing such kind of experiments by using the K + p → K 0 n charge-exchange reaction as a source of well tagged K 0 's has been reported [9] . At the same time the first experimental bound Br(
has been set from existing experimental data. It has been shown, that compared to this limit, the expected sensitivity of the proposed search is at least two orders of magnitude higher -Br(K L → invisible) 10 −6 per ≃ 10 12 incident kaons. It could be further improved by utilizing a more careful design of the experiment, thus making the region Br(K L → invisible) ≃ 10 −8 − 10 −6 , or even below, experimentally accessible [9] .
Being motivated by these considerations, we discuss in this work several natural extensions of the SM and show that taking into account the most stringent constraints from the measured K + → π + + invisible decay rate, the decay K L → invisible could occur at the level Br(K L → invisible) ≃ 10 −8 − 10 −6 , which makes the future searches for this decay mode very interesting and complementary to the study of the K → π + invisible decays. Additional motivation to search for the K L (and K S ) invisible decay is related to precision tests of the K 0 − K 0 system by using the Bell-Steinberger unitarity relation [9] . This relation connects CP and CP T violation in the mass matrix to CP and CP T violation in all decay channels of neutral kaons and is a powerful tool for testing CP T invariance with neutral kaons [10] . The question of how much the invisible decays of K S or K L can influence the precision of the Bell-Steinberger analysis still remains open [11] .
Consider now the K L → νν decay in the two-Higgsdoublet model (2HDM) with an additional heavy Higgs doublet H 2 . This type of 2HDM models can introduce flavor-changing neutral currents, provide explanations of the origin of Dark Matter and CP violation , see e.g. Ref. [12] . The Yukawa interaction of the heavy isodoublet field with quark and lepton fields has the form
where
* ) and h 2τ , h 2dLsR are Yukawa coupling constants. Here we assume that the mass of neutrino (Majorana m ντ R or Dirac m ντ ,D ) is small so the decay K L → ν τντ is kinematically allowed. The Lagrangian (4) contains ∆S = 1 neutral flavour changing terms but for heavy doublet H 2 it is not dangerous. The effective four fermion lagrangian describing the decay K L → ν τντ has the form
and M H2 is the mass of the heavy doublet H 2 . As it has been mentioned before we assume the existence of small Dirac or Majorana neutrino mass ν τ . The decay rate of the invisible decay
where K(x) = (1 − 4x) 1/2 for Dirac neutrino with a mass m ντ and K(x) = (1 − x) 2 for Majorana neutrino ν τR with a mass m ντ R . Here F K ≈ 160 M eV is kaon decay constant and m s , m d are the masses of s-and d-quarks. For Br(K L → ν τντ ) = 10 −6 we can test the value of M X up to [30] 
for small Dirac or Majorana neutrino mass m ντ ≪ M KL . It should be noted that the existence of ∆S = 1 neutral flavour changing interaction (5) leads to additional contribution to rare decays K L → π 0 νν and K + → π + νν. The current experimental values are [13] , [14] 
with the SM predictions of (1) and (2), respectively. The measured value (10) for the Br(K + → π + νν) allows to set more stringent constraints. Therefore, we restrict ourselves to the calculation of the BSM contribution only to this decay channel by using the effective Lagrangian (5). This leads to the following formula for the differential
The form factor f 0 (q 2 ) is determined in standard way as
The form factors f + and f 0 are related to the exchange of 1 − and 0 + , respectively. The following relation holds:
(13) In our calculations we use standard linear parametrization for the form factor f 0 (q 2 ), namely
Numerically we take f 0 (0) = 0.96 [16] and λ 0 = −0.06 [17] . It is convenient to represent the result in terms of the ratio β −1 ≡
Br(KL→νν)
Br(K + →π + νν) because the ratio β does not depend on unknown value of M X . Also β does not depend on the values of quark masses m d , m s . For the case of massless neutrino we find that β ≈ 2 · 10 −3 (15) From the difference between the theoretical and experimental values (2) and (10), respectively, by summing up errors of (10) in quadrature we find that the BSM contribution to the Br(K + → π + νν) is less than
From the limit (16) and the estimate (15) we find that for massless neutrinos
The estimates (15, 17) are valid for small m νR ≪ M π + majorana msss of righthanded neutrino. For higher m νR values the limit (17) is more weak and for the case M KL ≥ m νR ≥ M K + − M π + when the decay K + → π + ν τLντR is kinematically prohibited, but the decay K L → νν is still allowed, the restriction from K + → π + νν decay does not work. Note that in the model (4) the contribution to the K L − K S mass difference is expected to be proportional to
and it is negligible.
Consider now the K L → φφ decay in the extension of the SM with heavy Higgs doublet H 2 and light neutral scalar singlet field φ. The Yukawa interaction of the heavy isodoublet H 2 with quarks and the interaction of the φ field with Higgs isodoublets H 2 and H(Higgs isodoublet of the SM) has the form
2 ) and h 2dLsR , λ are Yukawa and Higgs couplings. After electroweak SU L (2)⊗U (1) symmetry breaking trilinear term describ-
arises. The effective Lagrangian
describes invisible decay K L → φφ. Here we assume that the mass of φ is less than M KL /2. The decay rate of the invisible decay K L → φφ is determined by formula
and m φ ≪ M KL we can test the value of M X up to
For λ = 1 and h 2dLsR = 1 the mass of the second Higgs isodoublet can be tested up to M H2 ≤ 10 6 GeV . The bound (16) allows to restrict the K L → φφ decay in full analogy with previous model. Namely, in the model with the effective Lagrangian (19) the K L → φφ decay width is determined by the expression
It is convenient to use the ratio β
because the ratio β does not depend on unknown value of M X and on the values of quark masses m d , m s . For the case m φ ≪ M π + we find that
From the bound (16) and (25) we find
For not very light φ-particle the limit on Br(K L → φφ) will be not so stringent as the bound (26), moreover, for
is kinematically prohibited while the decay K L → φφ is allowed. Therefore the bound (26) derived from the decay width of the K + → π + νν decay does not work for K L → φφ decay mode. Note, that such sub-Gev scalar φ could be a good dark matter candidate [18] .
Finally, we discuss the K L oscillations into a hidden sector, which would manifest themselves through the K L → invisible decay. As an example of such hidden sector we consider the one of the mirror matter models. The idea that along with the ordinary matter may exist its exact mirror copy, introduced for the parity conservation, is not new [19] . Accordingly, each ordinary particle of the SM has a corresponding mirror partner of exactly the same mass as the ordinary one. The mirror fields are all singlets under the SM SU c (3) ⊗ SU L (2) ⊗ U (1) gauge group. Mirror matter is dark in terms of the SM interactions, and could be a good candidate for dark matter, see, e.g., Refs. [20] , and recent [21] . In addition to gravity, the interaction between our and this type of dark matter could be transmitted by some gauge singlet particles interacting with both sectors. Any neutral, elementary or composite particle, in principle, can have mixing with its mirror duplicate. This results in several interesting phenomena, such, e.g. as Higgs [22] , positronium [23] , muonium [24] , or neutron [25] oscillations into their hidden partner, which have been or planned to be experimentally tested [26] [27] [28] [29] .
In particular, the neutral K L -meson can mix with it mirror (m) analog K L,m due to effective four-fermion interaction
The interaction (27) leads to conversion of ordinary K Lmeson to mirror K L -meson. The decays of mirror K Lmeson are invisible in our world that leads to invisible K L decay with the branching ratio
For the interaction (27) in the vacuum insertion approximation we find that
Numerically, for Br(K L → invisible) = 10 −6 we can probe the value of M m up to
In our estimates we used nonrenormalizable effective four-fermion interaction (27) . It is possible to obtain the effective interaction (27) from renormalizable mirror world model with the Higgs doublet extension of the SM model (see previous discussions) and with the additional interaction term between our and mirror world
After electroweak symmetry breaking in our and mirror worlds (< H >=< H m >≈ 174 GeV ) we find an effective four-fermion interaction
In conclusion, the observation of the K L → invisible decay with the branching ratio Br(K L → invisible) ≫
10
−10 would unambiguously signal the presence of BSM physics. We consider the K L → invisible decay in several natural extensions of the SM, such as the 2HDM, 2HDM and light neutral scalar field φ, and mirror dark matter model. Using constraints from the experimental value for the Br(K + → π + νν) we find that the K L → invisible decay branching ratio could be in the region Br(K L → invisible) ≃ 10 −8 − 10 −6 , which is experimentally accessible allowing to test new-physics scales well above 100 TeV. In some scenarios these bounds can be avoided, as in the model with the massive righthanded neutrino and scalar φ-particle. This makes the K L → invisible decay a powerful clean probe of new physics, that is complementary to other rare K decay channels. Additionally, in the case of observation the K L → invisible decay could influence the precision of the Bell-Steinberger analysis of the K 0 − K 0 system. The results obtained provide a strong motivation for a sensitive search for this process in a near future K decay experiment proposed in [9] . It should be noted that in full analogy with the case of K L invisible decay we can expect the existence of invisible decays of B d and B s mesons with the branchings similar to those discussed above.
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